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prediction	of	 the	elastic	properties	and	 they	are	based	on	 the	 rule	of	mixtures.	The	next	 step	 is	 the	development	of	micromechanical	models	based	on	 the	 reproducibility	of	 a	unit	 cell	with	FEM	 (finite	element
modelling),	these	models	can	be	grouped	in	the	second	category.	Finally,	the	third	category	includes	constitutive	models	developed	to	consider	the	viscoplastic	behaviour	of	biocomposites	in	a	simplified	mathematical
formulation.




















































where	 	 is	 the	 strain	 energy	 density	 function,	 	 represents	 elastic	 constants	 and	 	 is	 the	 first	 invariant.	 The	 first	 invariant	 is	 the	 trace	 of	 the	 left	 Cauchy-Green	 deformation	 tensor	 (B	=	FFT,	 being	F	 the	 deformation
gradient	tensor	and	B	the	left	Cauchy-Green	deformation	tensor).	Considering	incompressibility	and	uniaxial	extension,	the	stretches	( )	in	the	three	principal	directions	can	be	related	as	 	and	 ,	thus
Considering	the	left	Cauchy-Green	deformation	tensor	expressed	as	 	and	uniaxial	extension,	orienting	the	principal	stretches	with	the	coordinated	basis	vectors,	the	stress	in	the	principal
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Seven	parameters	are	used	to	define	the	present	model:	C1,	C2,	and	C3	are	the	elastic	constant	of	the	Yeoh	model,	 	and	 	are	the	spring	and	dashpot	constants	of	the	Maxwell	model,	and	 	and	 	are	the
friction	model	parameters.	Three	different	tests	were	conducted	to	calibrate	these	parameters	for	each	material:	viscoelastic	and	viscoplastic	relaxation	tests	(Fig.	3a	and	b)	and	a	quasi-static	tensile	test	(Fig.	2).	Two	tensile	tests	were
conducted	at	higher	strain	rates	to	validate	the	ability	of	the	model	to	predict	the	viscoplastic	behaviour	of	biocomposites.












		 		 	 		 	 		 	

















Elastic	strain	(–) 0.0025 0.0025 0.00175
Plastic	strain	(–) 0.025 0.025 0.0125
	(MPa) 14.2	±	0.3 8.9	±	0.1 9.3	±	0.4
	(MPa) 11.7	±	0.4 7.2	±	0.2 8.2	±	0.2
	(MPa) 81.1	±	2.2 42.0	±	1.5 41.9	±	0.5










Parameter Flax/PLA Jute/PLA Cotton/PLA
	(Pa) 1.08·109 6.86·108 6.40·108
	(Pa) 2.58·109 2.15·109 2.71·109
	(Pa	s) 2.30·1011 6.14·1010 5.19·1011
Y	(Pa) 1.23·107 4.87·106 2.36·107
C1	(Pa) 3.38·108 4.14·108 2.16·107
C2	(Pa) −1.81·1010 −2.76·1010 −1.63·109
C3	(Pa) 6.56·1011 2.08·108 2.15·1010
A	comparison	between	the	experimental	data	and	the	model	predictions	with	the	fitted	parameters	 is	shown	in	Figs.	6–8	for	 flax,	 jute	and	cotton	composites	respectively.	 In	each	figure,	 the	a	and	b	graphs	 represents	 the













	Experimental	(Mpa) 52.6 24.5 32.3
	Model,	Eq.	(13)	(Mpa) 54 26 34
Error	(%) 2.6 5.8 5.0
Moreover,	the	tensile	tests	conducted	at	strain	rates	of	2.08·10−3	s−1	and	8.33·10−3	s−1	were	used	to	validate	the	accuracy	of	the	model	in	the	prediction	of	the	strain	rate	influence	on	stress-strain	curves.	Figs.	9–11	show	the
























2- The	viscous	effects	can	be	attributed	to	fibres	behaviour.	The	influence	of	matrix	can	be	neglected	again	because	the	viscous	effects	are	higher	 in	the	composites	reinforced	with	stiffer	fibres.	Moreover,	the	 influence	of	strain	rate	on	the
stiffness	of	flax/PLA	composites	is	similar	to	that	reported	by	other	authors	in	flax/epoxy	composites.
3- The	non-linear	elastic	behaviour	can	be	probably	explained	by	a	combination	of	woven	fibres	and	matrix.
These	hypotheses	can	be	considered	the	starting	point	for	future	research	in	this	field.	The	present	promising	results	can	lead	to	get	a	better	understanding	of	the	mechanical	behaviour	of	biocomposites	and
to	increase	their	use	in	industrial	applications	to	replace	mineral	fibres	and	oil-based	polymer	matrices.
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